
 at a glance

The gravitational field g at a distance r from a small mass 
Δm has magnitude:

g = 
Gm
r2

where G is the universal gravitational constant (G = 6.67 × 
10–11 N m2 kg–2).

The field due to an extended object is the resultant of the 
fields due to all the small masses that make it up.

The magnitude of the gravitational field at the surface of a 
perfectly smooth, uniform, spherical planet with mass M and 
radius R is:

g = 
GM
R2

Earth is not a smooth sphere, and its density is not uniform, 
so its surface gravitational field varies with position. Its average 
value is 9.80665 N kg–1.

In regions that are low lying (closer to Earth’s centre), or near 
to dense rocks, the field is slightly stronger than average. At high 
altitude, or where the surface rocks are less dense, the field is 
slightly weaker (1). 

2 The European Space Agency’s GOCE satellite
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3 The oceans on (a) a perfectly smooth, 
uniform, non-rotating, spherical planet and 
(b) with rotation added
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In this map of Earth’s surface gravity, red represents a stronger 
than average field, and blue a weaker field. The variations are 
expressed in mGal where:

1 mGal = 1 × 10–3 cm s–2 = 1 × 10–5 m s–2 = 1 × 10–5 N kg–1

For an animated image go to:
https://en.wikipedia.org/wiki/File:GRACE_globe_animation.gif

The European Space Agency’s GOCE (Gravity field and steady-
state Ocean Circulation Explorer) satellite (2) was launched in 
2009 and has made precise measurements of Earth’s gravity over 
its entire surface. 

The oceans on a perfectly smooth, uniform, non-rotating, 
spherical planet would cover the entire surface to a uniform 
depth (3a). Rotation of the planet would give the ocean surface 
the shape of an ellipsoid, slightly bulging at the equator and 
flattened at the poles (3b). 

Earth’s rotation as it formed form molten rock gave it an 
ellipsoidal shape. On a smooth, uniform, rotating, ellipsoidal 
planet, the ocean surface would also be an ellipsoid. The oceans 
would be slightly deeper at the equator than at the poles.

Variations in Earth’s surface gravity, together with the effects 
of its rotation, are responsible for the shape of the ocean surface 
in the absence of the tides, currents, winds and waves that 
produce temporary variations in depth. This shape is called the 
geoid. The curve is drawn through dry land as well as ocean, 
and shows the shape of the gravitational field (4). The local 
gravitational field always acts at right-angles to the geoid.

(5) This map of Earth’s geoid was produced from data 
collected by ESA’s GOCE satellite. Red indicates where the 
ocean surface is above the reference ellipsoid, and blue where it 
is below. The variation ranges from +85 m in Iceland to –106 m 
in southern India.
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5 Map of Earth’s geoid
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4 Plotting a geoid
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